The goal of this study was to 1) investigate general body influence, hand-specific anthropometric parameters, and upper-limb power and strength on ball-throwing velocity in a standing position (V ball ); and 2) predict this velocity using the multi-regression analysis method. Forty-two skilled male handball players (age = 21 y±2.99; body height = 1.81 m±0.07; body mass =78.3 kg±11.3) participated in this study. We measured general anthropometric parameters (body height, body mass, lean mass, BMI) and handball-specific anthropometric parameters (hand size and arm span). Upper-limb dynamic strength was assessed using a medicine ball (2 kg MB) throwing test, and power through a maximal onerepetition bench-press test (1-RMBP). All the variables studied were correlated with Ball velocity. The 2 kg MB throwing performance was the best predictor (r=0.80). General anthropometric parameters were better predictors (r=0.55-0.70) than hand-specific ones (r=0.35-0.51). The best multiple regression model accounted for 74% of the total variance and included body mass, 2 kg MB performance and power output at the 20 kg-bench-press. The equation found could help trainers, athletes and professionals detect future talents or test athletes' current fitness levels.
Introduction
For many authors, ball throwing velocity (V ball ) is a successful factor in handball (e.g. Other studies considered specific handball anthropometric parameters (hand size and arm span) and highlighted significant and positive correlations [r= .29 -.37] with ball velocity (Skoufas et al., 2004; Zapartidis, et al., 2009 ). However, although general and specific anthropometric parameters seem to be related to the ball velocity, they have a low predictability level. Moreover, in all these studies, general anthropometric parameters are better predictors than specific ones.
Secondly, studies have shown that ball velocity is related to physical fitness characteristics, especially power and strength. Muscle power is considered an important 4 parameter responsible for successful rapid movements performed with maximum effort, such as throwing (Newton & Kraemer, 1994) . To measure upper-limb strength and power, isotonic tests seem to be the most appropriate to handball specificity (Fleck et al., 1992; Marques et al., 2007) . Studies used the bench-press test for power and strength assessment with male players in order to predict ball velocity. They showed positive and significant correlations with the one maximum strength bench-press (r=.63 for Marques et al., 2007) Lastly, few studies have investigated combining predictive models with anthropometric and motor ability parameters. To our knowledge, only Eliasz and Wit (1996) have investigated the influence of basic anthropometric and motor ability parameters on ball velocity in handball. These authors confirmed that physical fitness had a greater influence than anthropometric parameters, especially when considering trunk flexor muscle strength and maximal arm speed. This statistical design predicted the ball velocity more accurately by combining the best predictors.
So, this short review shows that general, hand-specific anthropometric parameters and upper-limb strength tests are linked to throwing velocity. However, none of these studies is able to predict throwing velocity accurately, using a simple correlation. So, the goal of this study is to 1) investigate the influence of the general body, specific anthropometric 5 parameters, as well as the upper-limbs on standing ball-throwing velocity; and 2) predict this velocity by combining the best predictive parameters.
Method

Experimental approach to the problem
A multiple-regression statistical design was used to determine the effect of anthropometric and physical parameters on the ball velocity. Sixteen independent variables were divided into two groups: 1) anthropometric parameters, (a) four general parameters: body mass, lean mass, body height, body mass index, and (b) five specific anthropometric parameters: arm span, finger span, hand perimeter, ring-finger length and middle-finger length; and 2) seven physical fitness parameters: medicine-ball throwing (2 kg), and six variables recorded or calculated during the bench-press test: the one-repetition maximum bench-press (1-RMBP), force, velocity and power output at 20 kg, maximum power and bar velocity at 30% of 1-RMBP. The dependent variable was the ball velocity in standing position.
Participants
Forty-two skilled male handball players (Table 1 ) participated in this study. The sample was composed of players playing at three different levels in the French championship (local, high regional and high national levels, corresponding respectively to the third, sixth and ninth divisions). All players had at least two years of experience in competition with at least two training sessions per week. They were all in good physical condition, with no injuries or disabilities. Each volunteer signed a written statement of informed consent after receiving an oral and written description of the procedures approved by our university's ethics committee, and was informed of the risks and benefits of participation in the study. 6 **** Insert Table 1 about here**** Procedures First, we measured participants to record their body height, arm span, and handspecific parameters. We weighed them on bioelectric impedance scales. Then, after a fiveminute warm-up, participants performed a series of medicine-ball throws. After a 30-minute rest, they performed a series of five ball throws recorded using a radar gun. The best three performances (maximum velocity) were saved for further analysis to calculate mean velocity.
The next day, during a second session, we measured power, strength and bar velocity for each athlete during a bench-press test.
Anthropometric parameter measurement
We followed the standardized techniques recommended by the International Society 
Upper-limb strength and power measurement
Available data suggested several specific methods to estimate muscle power (Van Praagh & Dore, 2002). We chose two isotonic tests: (1) upper-limb explosive power was assessed using a medicine-ball-throwing test (Pineau et al., 1989; Katic, Cavala & Srhoj, 2007) . In this test, participants were instructed to throw a medicine ball as far as they could (mass: 2 kg, perimeter: 56 cm), in a kneeling position, holding the ball over their heads.
This position was chosen to evaluate upper-limb strength alone (Pineau et al., 1989; and not lower-limb strength. Each subject performed five trials with a one-minute rest between trials. The best two performances were saved and averaged for further analysis. ICCs were 95%. A soft mat was rolled out on the floor, on which the medicine ball mark could easily be located and measured with a 20-meter tape measure with about 2 cm accuracy. (2) Upper-limb power and strength were assessed via a one-repetition maximum bench-press using a free weight barbell machine. In this test, the participants were instructed to take hold of the bar (step 1), position it on their chest (step 2), then raise it as quickly as they could until their elbows were fully extended (step 3). All participants used an initial mass of 20 kg.
Increments were calculated using an isoinertial dynamometer (Myotest S.A., Switzerland).
The myotest device was placed on the bar and monitored the three bench-press test steps with beep signals. After each trial, this recognized device (Jidovtseff, Crielaard, Croisier & Cauchy, 2008) calculated the velocity at which the bar had been pushed. The software then gave the next increment. When velocity was too slow (less than 100 cm/s), the test was stopped. Then, the software calculated the velocity, maximum power, strength and onerepetition maximum for each bar. We recorded the velocity for the first bar lifted and the power and strength output for the first three bars for further analysis. The one-repetition maximum was assessed using a single regression equation based on the velocity recorded for each bar (Figure 1 ). The software directly calculated a reliability index. All indices higher than 90% were saved for further analysis. If the indices were lower than 90%, the participants performed the test again the next day. All participants were successful with these criteria. Figure 1 about here**** 8
**** Insert
Throwing velocity measurement
The ball velocity was evaluated by an over-arm throw in a standing (i.e. stationary) position, with both feet on the ground as for penalty throws. After a 10-minute warm-up, the subject was instructed to throw a standard handball (mass: 0.480 kg; circumference: 0.58 m)
at maximal velocity at a 0.5 x 0.5 m target located in the middle of a standard handball goal (2 x 3 m) located seven meters away . No advice was given regarding throwing technique.
Each subject performed five trials with a one-minute rest between trials. The best three performances were saved and averaged for further analysis. The coach supervised each throw to ensure that they complied with handball rules, with both feet firmly planted on the ground.
The ball velocity was recorded using a Doppler-radar gun (MATSPORT TRAINING, Radar ATS) with a frequency of 250 Hz and ±0.027 m.s -1 accuracy. The radar gun was located three meters behind the player, in the thrower-target axis at a height corresponding to the player's height. In order to be as accurate as possible, only throws hitting the target were recorded for further analysis. The ICC was 95%.
Statistical Analysis
The analyses were done using STATISTICA software (Version 7, Statsoft, Inc). First, Pearson correlation coefficients were used to determine the relationship between independent variables. Then, a multiple-regression analysis technique was applied to identify the most predictive models. The basic model used the general linear model
where Y, the dependent variable, representing ball velocity, is normally distributed, x i is the i th predictor and β i the coefficient. Descriptive statistics were used to verify that the basic dependent variable normality assumption was met. Distribution normality tests and skewness revealed no abnormal data pattern. For each variable, the 95% limits of agreement (LOA) and coefficients of variation (CV) were calculated (Atkinson & Nevill, 1998) . Additionally, in 9 order to validate the applicability of the multiple-regression equation, using the same protocol, we tested a twelve-player independent sample (skilled handball players studying in our university's sport science department) by using the Howell method (2010 . ****Insert Table 2 were also correlated with the ball velocity but with lower links (Table 3 ). The r ranged from .35 (finger span) to .51 (arm span).
Isotonic tests
All these results are summarized in Multiple regression model ****Insert Table 5 about here**** Furthermore, we tested all the models that include the parameters significantly correlated with ball velocity. The best ones are summarized in Table 5 and classified in four categories: anthropometric models (general and handball specific), physical fitness models and combined models.
First, the general anthropometric model accounted for 52.8% of the total variance and included all general anthropometric variables (body mass, body height, BMI and fat-free mass). Secondly, the best specific anthropometric model accounted for 36.0% of the total variance and included hand perimeter, finger span, ring finger length, middle finger length and arm span. Thirdly, the best physical fitness models accounted for 67% of the total variance. This model included medicine-ball throwing performance, power and force output in the 20 kg-bar bench-press. Lastly, by combining anthropometric and physical fitness parameters, two models were retained with correlation coefficients of .85 and .86 (p<0.00001), accounting for respectively 72 and 74% of the total variance. The error terms were respectively 1.33 m.s -1 and 1.35 m.s -1 . These models included body mass, medicine-ball performance and either force output at 20 kg bench-press or 1-RMBP.
Discussion
In this study, we examined the effect of general and specific anthropometric parameters on standing throwing performance and isotonic tests. 
Anthropometric parameters
In accordance with previous studies ( On the other hand, the ball velocity has a significant correlation (r=.60; p<.001) with bar velocity at 20 kg, and also with a load representing 30% of the 1-RMBP (r=.45, p=.003).
This velocity accounted for just 36% of total variance. Gorostiaga et al. (2005) found such a link at the same load percentage (r=0.67-0.71) with amateur and elite players. Thus, movements with high velocity and low or medium force output are more predictive than lowspeed movements requiring a high level of force. Indeed, bench-presses at low loads (first to third bar) show better correlations than at higher loads, as regards power and force output.
These loads correspond to maximal power output (between 30 and 45 % of 1-RMBP).
Medicine-ball throwing (2 kg) is correlated with the ball velocity, with a higher correlation coefficient (r=0.80) than that obtained with the bench-press, and accounted for 64% of the total variance. This shows that this dynamic power test is closer to the ball throwing movement and is more likely to predict performance than the bench-press. These results show that power is more important than strength, i.e. the player has to develop an intermediate level of force but with high velocity.
Multiple Regression Model
Using a multiple regression analysis, the predictability level increases from 64% with one factor (medicine ball) to 74% with a three-variable combined model. None of the anthropometric models is able to predict the ball velocity with accuracy; confirming that being tall, heavy or having a big arm span or hand span is not sufficient to throw the ball very quickly. Indeed, the best anthropometric model accounts for only 41% of the total variance, which is lower than a single regression model including only medicine-ball performance. By combining the results obtained with isotonic tests (medicine-ball performance and two benchpress indicators: maximal power and force output on the first bar) the predictability increases to 67%. This proves once more that isotonic tests are more predictive of ball velocity, using a multi-segmental movement, which requires a high level of strength or power in the upper limbs.
Lastly, the model combining the best isotonic test predictor (throwing 2 kg MB) and anthropometric measurements (body mass) accounts for 72.76% of the total variance. In this model, 2 kg MB contributes 67% and body mass contributes 33% of the ball velocity. With three variables, the best model accounts for 74.28% of the total variance. This model includes medicine-ball performance, body mass and force output at 20 kg, with a relative contribution of 48%, 36% and 16% respectively.
However, our models do not account for 26% of the variance. This could be explained by the complexity of the ball-throwing movement. Indeed, it is a complex multi-joint 
multiple-regression equation applicability
In order to validate the model applicability, we tested a twelve-player independent sample with the combined Model 1 (BM and 2kg MB). The characteristics of the sample and the results are presented in Table 6 . In order to do that, we calculated the multiple-regression Table 6 about here****
To conclude, our study shows clearly that 1) medicine-ball (2 kg) throwing is more likely to predict standing ball throwing velocity than anthropometric parameters; 2) general anthropometric parameters are better predictors than specific parameters; and 3) the multiple regression model combining anthropometric parameters and isotonic tests accounts for 72-74% of the ball throwing velocity from a standing position. 
